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This invention relates to the production of high-grade 
products, especially fuels, from raw material containing 
pit coal or brown coal, which is present in ?ne-grained 
or extremely ?ne-grained form or is brought to the cor 
responding ?neness. 
The object of the invention is to provide a process by 

means of which, for example, intermediate and end prod 
ucts resulting from the normal method of dressing, such 
as sludges, dusts and the like, the ?nest fractions of crude 
coal, and any desired impure crude coals can be worked 
up by the Wet method, after suitable crushing and the 
like and with simultaneous water extraction, into pure 
products, the ash content of which can be adjusted as de 
sired Within wide limits, which process can be carried out 
on a large scale by means of mechanical installations con 
structed in accordance with known principles. 
Although numerous special processes for the dressing 

of ?ne and ultra-?ne coal-containing material are known 
and have been put into practice, it is not usual in most 
cases to dress and utilize, for example, the sludges or any 
of the ?nest material, for example in coal-washing plant, 
because the known processes are comparatively compli- ' 
cated and accordingly costly, exhibit very little selectivity > 
and in addition are generally unsuitable for large-scale 
operation, while in addition even the pure products ob 
tained are scarcely suitable for further use owing to their 
high water content. This also applies, for example, to the 
froth ?otation method and to other known methods, in 
which the different wetting properties of the coal and 
waste components of the charged material with respect to 
oil and water are utilized to effect the separation. 
The economic disadvantages arising from the aforesaid 

di?iculties encountered in the working up of the ?nest 
material increase with the progressive mechanisation em 
ployed in the winning of coal, which leads to a further 
reduction in the particle size of the crude coal. Particu 
lar di?iculties are caused in working up in the usual wash 
ing plant by reason of the high ?ne-grain content of the 
material, which cannot be completely separated off by 
prior dust extraction owing to the moisture content of the 
crude coal which results from the sprinkling effected at 
the working points in order to combat the dangers arising 
from dust. Moreover sui?cient facilities for utilizing dust 
of high ash content such as would be obetained by the 
pre-extraction of dust seldom exist. 

These di?iculties are overcome by the process accord 
ing to the invention in which, as in known processes, the 
dilference in the wettability of the coal and waste com 
ponents with respect to oil and water is utilized for the 
separation but not, as in the said processes, as for exam 
ple in the froth ?otation method, by causing the oil-wet 
ted components to ?oat to the top or, as in other known 
processes, by pressing the waste-containing particles to 
gether with the water out of a paste prepared from the 
starting material by the addition of oil and water-both of 
which steps are di?icult to carry out in large plants and are 
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2 
unsatisfactory in their e?ect—but by a novel treatment of 
a mass prepared by taking the crude material, pre-crushing 
it if necessary, and intimately mixing it with oil-containing 
substances, such as oil, tar, bituminous substances and the 
like, in kneading mechanisms, kneading pumps or the 
like. 

In the said treatment the solid substances of such mix 
ture are dispersed in a liquid, preferably water, after the 
oil treatment and thereby brought into a state such that 
the said dispersion can be separated, in a subsequent proc 
ess step by mechanical means, preferably by centrifuging 
with simultaneous extraction of the water from the coal 
concentrate, into coal concentrate and waste particles 
suspended in water. 
The dispersion of the mass consisting of coal, oil, waste 

and water, which is particularly important to the effective 
ness of this process, is preferably effected in a heater mill 
or centrifugal mill in which the dispersion liquid (water) 
is added. The said dispersion may form a separate proc 
ess step following the oil treatment in which case the 
consistency of the mass is so adjusted in the oil treatment, 
for example, that it is present in relatively dry crumbly 
form. Preferably, however, the dispersion is directly com 
bined with the oil treatment, that is to say, it forms there 
with a simultaneous indivisible process step in that the 
oil treatment is performed simultaneously with the dis 
persion in the presence of the quantity of water necessary 
for such dispersion. In this case the water emanates either 
from the starting material, for example if the latter ma 
terial is present in the form of sludges, or in the case of 
dry or insu?iciently moist starting material it may be sep 
arately added, so that a material of pasty nature, or one 
which is already capable of ?owing, is subjected to the si 
multaneous oil treatment and dispersion. The advantage 
of effecting the oil treatment and dispersion simultane~ 
ously, i. e. of the method last described, resides not only 
in the whole process being shortened and simpli?ed but 
principally in the fact that the process is thereby rendered 
substantially independent of the water content of the 
starting materials and is thus directly applicable, for ex 
ample, to a starting material which already has a su?i 
ciently high water content if it is of su?'iciently ?ne grain 
size, as in the case of sludges, tailings from ?otation proc 
esses, intermediate products and the like. 
The influence exerted by oils and reagents on the sur~ 

faces is particularly promoted if the masses to be treated, 
especially in cases where they have fairly high water con 
tents, are forced by pressure, centrifugal action or suc 
tion through areas of narrow cross-section such as nozzles, 
slots and the like. This can be achieved in a favour 
able manner, for example, by means of high speed ba?le 
plate mills having a delivery slot, or high-speed or high 
pressure pumps having attached nozzles or ven-turi tubes 
or the like. In this case it is advantageous to exert on the 
liquid a fairly high pressure which is adapted to the par 
ticular raw material and the oils and reagents which have 
been added. In the case of materials which are di?icult 
to treat it is preferable to repeat the treatment which can 
be done simply by connecting in series the machines em 
ployed for such treatment. 
For the subsequent separation of the dispersion formed 

it is preferable to employ a sifting centrifuge or the like 
by means of which the waste-containing slime is expelled 
by centrifugal action while the oil-containing pure coal 
is obtained in a comparatively dry form. The waste sus- . 
pended in the water centrifuged out may, if desired after 
extraction of the water, be employed as a valuable starting 
material for other purposes, for example for the manu 
facture of cement, porcelain or building material, as ?llers 
and the like. . 

The advantageous effect of the process according to 
the invention is due to the fact that the mixture to be 
separated consisting of oil, coal, water and waste material 



suitable apparatus with the aid of water. 
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is present in the form of oil-wetted coal particles and 
waste particles suspended in water, into which compo‘ 
nents it is separated after the treatment by dispersion in 

7 It has been 
found that the separation of the mass thus dispersed in 
water into oil-containing coal concentrate of low water 
content and waste slime takes place very readily and the 
diameter of the perforations in the centrifugal’ sifting 
machines employed for this purpose may be substantially 
larger than the grain size of the mass of coal to be-worked 
up. ‘This separating operation may be carried out in 
centrifugal machines of the most varied constructions in 
a single operation, either continuously or discontinuously. 
In addition to centrifugal sifting machines ?lters, separa 

' torsand other suitable apparatus operating in a funda 
men-tally similar manner and of a type known per‘se may 
be employed for this purpose. ' V ' 

V The process results in a high-grade oil-containing; coal 
producti'suitable' for use as fuel and'for other purposes; 
which has a lowlwater content and which is obtained in 
loose form capable of being sprinkled'andcan therefore 

' be ef?ciently'rn'ixed with other materials, for'example 
fairly coarse “?ne’fcoal. The applicability of the process 
is V'substantially dependent upon ‘the ash content of; the 
starting material, that is to say, the process can also be 
employed'to advantage for starting materials of high ash 
content, and‘ in addition independently of the volatile 
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components of the initial coal and of the degree of min- a ' 
eralisationp thereof; - . V . ‘ 

.It_is particularly advantageous‘to employ for ‘the pro 
ductlon of'the‘starting mass low~grade'oils,3tars or, other 
bituminous materials Which'can otherwise only be utilized, 
with di?iculty, if at all, and insome- cases materials'which 
are already present in the formrof a water-oil emulsion, 
such as‘ water-containing tar products, producer tars, oils 
obtained by boring and crude oils, that .is to say'sub 
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stances which generally contain other solid substances and ' V 
are otherwise practically valueless. 
stances which are not present in liquid form at normal 
temperature can be employed if a suitable temperature is 
maintained; a " ' 

vThe quantity of "oil to be employed depends upon the 
size of thersurface of the coal fraction to be wetted; such 
quantity is preferably so great that the entire free surface 
of all the coal particles is wetted. If, for example, oil 
or the like containing impurities in the form of water 
and solid substances is employed as a wetting component, 
the quantity is related to the true oil fraction in the “crude 
oil” employed. Onthe other hand, however, the quantity 
of oil'must notbe too great since an excessive quantity 
gives‘ ani'ntermediate or end product which is di?‘icult to 
handle' owing; to its unfavourable physical state. 

In'additi'on it has been found that the wetting operation 
7 .. and the separation of the wetted particles from the tail 

ings' can be favourably in?uenced by varying the pI-I-value 
in the process step in question. In particular, the sedi 
mentation of the waste‘contained in the water is thereby 
accelerated. Accordingly it is preferable to ascertain 
by tests the optimum pH-values for each coal, which in 
turn depend upon the nature of the coal, the nature of 

V the admixtures, the oil component and the like. In many 
cases, it has been found preferable to adjust the slime to 
a pH-value at which the pyrites presentein' the material are 
readily separated olf. The course’ of ‘the process can be 
favourably" influenced by ‘the addition of regulating re 
ag'entsin the treatment of the slime. 
Where" necessary the watercontent most favourable for 

eachistep of the process canrbe adjusted by the addition, 
and in some‘ cases, by the extraction, of water. Even ‘a 
high ,water content of the initial material, as in the'case . 
of coal'psludges from whichlittle water has been extracted, 
is’harmless in the oil treatment and dispersion stage but 
it may be'dis‘advantageous to the subsequent separating 
treatmentpinjcertain circumstances; In this case the de 

' sired water content of the dispersion to be subjected to 

Oil-containing sub- . 
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of dry coal, for example sifter dust of ?ne 'coal. The last . 
described method is of particularadvantage, for-example, 
when applying the process to the working up of sludges - 
emanating fromrthe continuous operation of coal-washing ‘ 
plant in which case the fine coal washed in the normal 
washing process is added to the sludges which have been 
subjected to the oil and dispersion treatment before, the 
separation step, and the extraction of water from the". 
washed ?ne coal is thus combined with the separatioirof 
the sludges’ into coal and wastefcomponents'with simul- 1 
taneous extraction of the water. 
Ifnormal hydro-extractors, as used for‘the'extractionv , 

of water from ?ne coal, are already available these may 
also be employed for the separating operation, whereby 
the further advantage is ‘obtained that the ?nest particles 

*5 the ?ne coal, are held fast by the oil-wetted, extremely 
?ne coal particles, during the‘icentrifuging operation and 
are prevented from being discharged through the. basket. 
A further advantage of this ‘method of operation is 

that the oil-containing extremely ?ne coal particles from - 
the worked-up sludge are simultaneously intimately 
mixed with the ?ne coal in the course of the centrifugal 
treatment and a subsequent separate mixing, for example 
Where it is employed as coking- coal, is rendered rm?» 
necessary. 7 v V . V V 7 

‘Generally, the new process c?ects a suf?cient reduc 
tion of the ash content in one operation especially if they . 
starting material is disintegrated to such an extent by the 
pre-crushir'ig that the intermixed components are sepa 
rated from one another.‘ If it is desired to reduce the 
ash'content still'further this can be achieved by repeating 
one'or all of the operations described, if desiredrwith an 
intermediate crushing 'of the material before the repeti: 
tion or an addition of further quantities of oil. 
Owing to'the fact that the new process aifords ‘the 

possibility of working up largequantities with compara~ 
tively simple apparatus the entire ultra-?ne coal fraction 
previously separated from the crude ?ne coal for this 
purposemay be subjected thereto in a manner which is 
advantag'eous'for the normal washing operation of ‘a coal‘ 
washing'plant. ‘ ' e ' I 

' The complete independence of the process according 
to the invention of the water content of the starting ' 
materials also simpli?es any repetition which is neces 
sary or" desired, either of the treatment- of the concen 
trates or of the Waste. In addition it permits very ad; 
vantageous combinations, of’ the new process with any 
other-Working-up/ processes which in themselves would 
not give end products of the required quality or which 7 ' 

' would give 'such products only by‘complicated'meansa 
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the separating treatmentmay'be adjusted by the. addition: '75 

Thus, for example, a crude coal present ‘as ultra-?ne coal, 
or suitably crushed, can ?rst-be subjected'to'preparation 
by ?otation, treatment in a cyclone washer or by methods 
based on similar principles, for the purpose of separating 
out the coarser waste’ components, whereafter the inter 
mediate product is further worked up by the new process ' 
in the formin which it is'obtained.v 
One of; the most advantageous applications of the newj 

process isthat in’ which it is employed to'produce coal 
products of particularly'low ash content, namely vso-called 
precious coal or pure coal,'from which ultra-pure coat 
products having the required 'low ash content ca'n'be 
obtained practically without loss by‘ a combination ,of'the' 
new process», with working-ruprprocesses known, per se 
,whichare applied to ultra-pure coal. ' - ' v V 

The new .process is employed in ‘combination with old, 
processes in order to separate into-anoibcontainingecoal.‘ 
concentrate of, the normalr'comtne'rcial ash cohtentand’ 
pure wastethe tailings of high ash content which result. 

' from the operation ofconcentrating'the ultra-pure coal, 7 
the said separation being effected by subjecting the tail? 
ings to the simultaneous oil and dispersion'treatment _ V 
thereafter separating thedispersion'formed in a centrifugal; 

V sifting machine or the like. Thus, a practically'complete, 
recovery of the'coal components contained in the tail 
ings in a ,fomi in which they: can be utilised,» is roses» 
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that is to .say, all coal losses are substantiallyavoided so 
that concentrates of any desired reduced .ash content can 
at the same time be economically skimmed off in the 
?rst stage of the combined process, i. e. .in the stage for 

concentrate thereafter separated in a centrifugal machine 
hadan ash content of 8% and a water content of 14%. 
The ash content of the waste tailings amountedto 79%. 

the recovery of the purest coal, without regard to the 5 IV 
coal losses in the intermediate products and without re- - . _ _ 
vgard to any optimum yield of coal of maximum purity. Worklnfe’ 11P of a ‘fat 00211 of} grain -S_lZ¢ of less than 

If desired the concentrate from a preceding process for 1 mm-_ W1th 235% ‘3511 ‘by “P11 “P83111011” 11) accord 
.the ‘dressing of pure or ultra-pure coal may be subjected r1110? ‘wllh the pl'?seht Process 111 comblhatloh wll-h a Pre 
to the oil separation process similarly to the tailings with 10 Pll??C?hOIl by ?ow-hon- _ 
the object of further improving the quality of the ultra- The fOHPWIHg whle “Shows vthe ‘PTOPOI'HOHS by Weight 
pure coal. of the various grain sizes and the ash content thereof 

In the following, a number of examples of the Various in the various process steps of the ?otation and of the 
,possib'ilitiesof applying the new process which have :been subsequent oil separation. 

Flotation Oil Separation 

Charge Preconcentrate Waste I End product calc. Waste II 
Grain oil-free 

Weight, Ash, Weight, Ash, Weight, Ash, Weight, Ash, Weight, Ash; 
percent percent percent percent percent percent percent percent percent percent 

up to 1 mm __________ -_ 100 23.6 84. 7 l4. 5 15. 3 71 75.4 ‘5. 8 9. 3 80 

11.5 32.2 6.8 7.1 4.0 68 37. 2 . 21.4 26. 2 7.4 7. 5 73 12.0 16.1 9. 5 9. 5 2.1 70 _. _ 

16.1 22. 0 16.9 14. 8 1. 2 69 .................. -. 2.1 so 
23.2 27.3 26.9 7 24:0 0.5 60 __________________ _. 7.2 31 

described above will be given but the possible ways of 30 Consumption of oil in the ?otation, 12. k-g./t. Oil 
applying the process are naturally by no means limited 
thereto: 

A. FUNDAMENTAL PROCESS 

I 

A gas coal of such grain that about 90% thereof passes 
through a. screen having 10,000 meshes per sq. cm., and 
leaving .a 20% water and 22% ash content, was fed with 
8% (calculated on dry coal substance) of a mineral oil 
residue containing water and mineral constituents .to a 
continuously operating ‘kneading pump after brief pre 
mixing in a paddle worm. The mixed material thus 
obtained was fed together with water to a cross beater 
mill for the purpose of dispersion and the dispersion thus 
obtained was separated in va centrifugal sifting machine 
into ash-free coal fraction and waste-water fraction. The 
coal fraction had an ash content of 4% (water free) and 
a water content of 14%. The ash content of the waste 
simultaneously delivered amounted to 80%. The diam 
eter of the perforations of the sifting machine employed 
amounted to 0.2 mm. 

11 

A fat coal of such grain that 50% thereof passes 
through a screen having 10,000 meshes per sq. cm., and 
having a 25% water and 30% ash content, was brie?y 
pre-mixed in a mixer with 18% (calculated on the dry 
coal substance) of tar obtained by the distillation of 
brown coal and then passed through a kneading pump. 
The mixed material was then fed with water to a dis 
integrator and ?nally separated in a centrifugal machine 
into ash-free coal substance and waste-water fraction. 
The coal concentrate had a water content of 12% and 
an ash content of 7% (Water-free). The waste con 
tained 75% ash. The size of the sifting slots amounted 
in this case to 0.25 x 4.0 mm. 

III 

Working up of a fat coal sludge of high water content 
with 50% grain sizes below 0.6 mm., 19% ash and 400 g. 
of solid substances per litre. - 
The sludge was intensively mixed after the addition 

of reagents and about 4% of oil, calculated on the dry 
solid substance, the in?uence of oil and reagents on the 
particles and the ultra-?ne division of the solid substances 
in the slime being simultaneously effected. The oil-coal 
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added in the oil separation, 50.0 kg./ t. 

V 

Gas coal sludges containing 23% lash were subjected 
to ‘the oil separation process. The sludges pre-treated 
with oils and reagents with simultaneous dispersion in a 
ba?le plate mill comprising a centrifuging wheel and a 
slot delivery were separated on ‘a cellular suction ?lter 
with two washings and freed from water. The ?lter cake 
had a water content of 16.7% and an ash content of 
8.6%. The Waste tailings had an ash content of 84%. 
A “Perlon” ?lter fabric having'a mesh width of 0.25, 
mm. was employed. 
We claim: - - 

1. A process for removing the ash content and -de 
watering coal-containing raw material which comprises 
intimately mixing‘said coal~containing raw material in 
?nely divided form with an oil-containing substance to 
wet the individual coal particles with an oil ?lm which 
replaces the water ?lm previously thereon, while simul 
taneously dispersing the mixture in water to form a ?ow 
able dispersion by forcing the water-containing mixture 
through openings of narrow cross section, and thereafter 
mechanically separating the resulting dispersion into coal 
concentrate and waste water containing the ash in ?nely 
divided form. 

2. The process of claim 1 in which the dispersion is 
maintained under superatmospheric pressure. 

3. The process of claim 1 in which the dispersion is 
directed through screen openings of substantially larger 
size than the grain size of the bulk of the oil-wetted coal 
particles, the coal particles being retained in dewatered 

7 state by said openings as a result of the oil ?lm coating 

70 

them. 
4. The process of claim 1 in which the separation of 

the dispersion and the dewatering 10f the concentrate is 
e?ected by means of a screen centrifuge. 

5. The process of claim 1 wherein the oil-containing 
substance is not liquid at ordinary temperatures but where 
in the process is carried out at a temperature above the 
melting point of said non-liquid, oil-containing substance. 

6. The process of claim 1 wherein the pH of the dis 
persion is adjusted to effect the ultimate separation of 
any pyrites contained therein. 

7. The process of claim 1 wherein normally washed 
?ne coal is added to the dispersion and the resulting 



,7 , 

mixture subjected to, a dewatering process, employing ?ne 
icoaljscreen centrifuges.‘ . , . . 

~ ‘_ 8.’; A’ process j for I removing I theglashi content de 
j watering "coal—containing raw "material which ‘comprises 

treating the coal with a heavy liquid to produce puri?ed 
?ne-grain?oating coal and Settled waste, separating the 
wasteirom ‘the ?ne-grain coal, intimately said ' 
?necoal with an oil~conta§ining .su‘bstanceto- wet the in 
dividual coal particles with an‘ oil ?lm which replacesthe 
water ?lm previously thereon, while simultaneously dis 
persing. the mixture. in water to form. a ?owalble disper 
sion by forcing -the.'water-containing mixture through . 
openings of Tnarrowcross section, and. thereafter'me 
chanically separating the resulting dispersion into coal 
concentrate and waste watercontaining the ash in ?nely. 
divided form. . . 

9. The process of claim SMWherein the heavy liquid is 
part of the. Waste Water from the dispersion separation. 

10. The process of claim 8 wherein only the ?ne coal 
from the ?oating material is subjected to the simultaneous 
oil ‘treatment and water dispersion and subsequent separa 
tion. 7 > 

' '11. A process for removing the ash content and de 
watering coal-containing raw material which comprises 
intimately mixing said coal-containing raw material in 
?nely divided form, having a grain size not in excess of 
1 mm.,' with an oil-containing substance to wet the in 
dividual coal particles with an' oil ?lm which replaces 
the water ?lm previously thereon, and simultaneously dis 
persing the mixture in water to formrra ?owable disper 
sion by forcing the. water-containing, mixture through 
openings of narrow cross-section, and thereafter me 
chanically separating the dispersion into oil-containing 
coal concentrate and wastewater containing ‘the ash in 
?nely divided form. ~ ' ' ' ' ' I 

' 121A process for removing the ash'contentand de 
watering coal-containing raw material which comprises'in- ' 
timately mixing said coal-containing'raw material in ?nely 
divided form, having agrain sizernot' in excess of '1 mm., 
with an oil-containing substance to wet the‘individual coal 
particles with an oil ?lm which replaces the water ?lm 
previously thereon, and simultaneously dispersing the mix 
ture in water to form a ?owable dispersion by forcing the 
water-containing mixture under pressure through openings 
of narrow cross-section, and thereafter mechanically sepa 
rating‘ that dispersion into oil-containing coal concentrate 
vand waste Water containing the ash in ?nely divided form, 

5. 
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‘said separation being e?ected by passing the dispersion 
through ajscreencentrifugehaving screen openings of sub 
stantially larger size than the grain size of the bulkof the ' 
oil-wetted coalparticles, the coal particles being retained 
in dewatered state bysaidopenings as aresult of the oil. 
?lm thereon. , ' n , . . 

13._ A process for removingithe' ash content and de 
watering a fat coal sludge having 50% grain sizes below 
0.6 mm., 19% ash and 400 g./liter of solid substances, 
which comprises intimately mixing said sludge with about 
4% oil, based on the dry solid substances, to’ wet the‘rin 
dividual coal particles with an oil ?lm which replaces the 
water ?lm previously thereon, andsimultaneously dispers~ 
ing the mixture in water to form a ?owable dispersion by 
forcing the water-containing mixture under pressure 
through openings of narrow cross-section, and thereafter 
mechanically separating the dispersion into oil-containing 
coal concentrate and waste water containing the ash in 
?nely divided form, said separation being e?fected'by pass 
ing the dispersion, through a screen centrifuge having 
screen openings of substantially larger size than the grain 
size of the bulk of the oil-wetted coal particles, the coal 
particles being retained in dewatered state by said openings 
as a result of the oil ?lm thereon. 
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